In this paper we analyze soft and hard X-ray emission of the 2002 September 20 M1.8 GOES class solar flare observed by RHESSI and GOES satellites. In this flare event, soft X-ray emission precedes the onset of the main bulk hard X-ray emission by ∼5 min. This suggests that an additional heating mechanism may be at work at the early beginning of the flare. However RHESSI spectra indicate presence of the non-thermal electrons also before impulsive phase. So, we assumed that a dominant energy transport mechanism during rise phase of solar flares is electron beam-driven evaporation. We used non-thermal electron beams derived from RHESSI spectra as the heating source in a hydrodynamic model of the analyzed flare. We showed that energy delivered by non-thermal electron beams is sufficient to heat the flare loop to temperatures in which it emits soft X-ray closely following the GOES 1-8 Å lightcurve. We also analyze the number of non-thermal electrons, the low energy cut-off, electron spectral indices and the changes of these parameters with time.
Introduction
It is commonly accepted that during the impulsive phase of the solar flare, non-thermal electron beams accelerated anywhere in the solar corona move along magnetic field lines to the chromosphere where they deposit their energy. Here, most non-thermal electrons lose their energy in Coulomb collisions while a small fraction (∼ 10 −5 ) of the electrons' energy is converted into hard X-rays (HXR) by the bremsstrahlung process. The heated chromospheric plasma evaporates and radiates over a wide spectral range from hard X-rays or gamma rays to radio emission.
These processes, called electron beam-driven evaporation model is believed to be a dominant energy transport mechanism during solar flares. One of the most spectacular and well observed manifestation of the described processes is soft X-ray (SXR) emission of magnetic loops observed e.g. by Yohkoh and Hinode satellites. Such a scenario implies that the hard and soft X-ray fluxes emitted by solar flares are generally related, as was first described by Neupert (1968) . Since HXR and microwave emissions are produced by non-thermal electrons and SXR are the thermal emission of a hot plasma, the Neupert effect confirms that non-thermal electrons deliver energy spent on plasma heating. Thus the HXR emission is directly related to the flux of the accelerated electrons whereas the SXR emission is related to the energy deposited by the non-thermal electron flux.
This interpretation, however, leads to a number of problems and questions concerning energy content and time relations between SXR and HXR fluxes (see e.g. Dennis (1988) , Dennis & Zarro (1993), and McTierman et al. (1999) ).
There are several papers that investigate temporal dependencies between the beginnings of SXR and HXR emissions. For example, Machado et al. (1986) and Schmal et al. (1989) reported frequent strong SXR emission before the impulsive phase. Following these authors, on average, the SXR emission precedes the onset of HXR emission by about 2 min. Veronig et al. (2002) analyzed 503 solar flares observed simultaneously in HXR, SXR and Hα. In more than 90% of -4 -the analyzed flares, an increase of SXR emission began prior to the impulsive phase. On average the SXR emission starts 3 min before the hard X-ray emission.
An enhanced thermal emission preceding the onset of the hard X-rays may be indicative of a thermal preheating phase prior to the impulsive electron acceleration. Current-sheet models (e.g., Heyvaerts (1977) ) of solar flares predict a preheating phase. Li et al. (1987) discussed the preheating phase of solar flares triggered by new emerging magnetic flux. They proposed four different types of reconnections to explain the preheating as well as impulsive phases of flares.
Another approach to this issue is multi-thread hydrodynamic modeling of solar flares. Warren (2006) suggested that modeling a flare as a bunch of independently heated threads may simulate precedence of the SXR emission. The author successfully reproduced the temporal evolution of high temperature flare plasma in the Masuda flare of 1992 January 13.
An alternative mechanism to electron beam-driven evaporation, namely conducted driven evaporation, was developed lately by Battaglia et al. (2009) . They studied in detail the pre-flare phase of four solar flares using imaging and spectroscopy from the RHESSI satellite. These authors explain the time evolution of the observed emission for all analyzed events as an effect of saturated heat flux.
The tendency of the soft X-ray flux to appear before hard X-rays emission can be attributed also to the sensitivity threshold of the hard X-ray detectors (Dennis 1988) . At the beginning of the flare, the energy flux may be below the detection threshold of HXR emission.
In this paper we show, using unprecedented high sensitivity of the RHESSI detectors (Lin et al. 2002 ) and a numerical model of flare, that early SXR emission observed prior to impulsive phase could be fully explained without any ad-hoc assumptions (at least for analyzed event). All necessary energy to explain the soft emission could be derived from observed HXR spectra. In Section 2 we describe the analyzed event. Section 3 presents the details of the HXR -5 -spectra fitting, numerical modeling and the results. The discussion and conclusions are presented in Section 5.
Observations
For our work we selected RHESSI observations obtained without the activation of the at maximum impulsive phase. An isocontour corresponds to 30% of the maximum flux.
Calculations -modeling of the heating of the loop
The RHESSI data were analyzed using RHESSI OSPEX package of the SolarSoftWare (SSW) system. Data were summed over the front segments of the seven detectors with detectors number 2 and 7 excluded. The spectra were measured with 4 sec temporal resolution in 158 energy bands from 4 to 300 keV. We applied the energy widths dE = 0.3 keV within the range 4-15 keV, dE = 1.0 keV in the range 15-100 keV, and dE = 5.0 keV above 100 keV. The analyzed spectra were corrected for pulse pile-up, decimation and albedo effects. We used full 2D detector response matrix to convert input photon fluxes to count rates. Before fitting spectra we removed the averaged non-flare background spectra. For energies below 50 keV, the background spectra were accumulated and averaged from pre-flare period between 09:00 and 09:06 UT. For energies above 50 keV we used a linear interpolations between the time intervals before and after the impulsive phase.
In our model we used spectra taken after 09:18:15 UT when the SXR emission started to increase. We used 4 seconds-long time bins, but after background subtraction we increased the The spectra were fitted with single temperature thermal plus thick-target models (vth + thick). The thermal model was defined by single temperature and emission measure of the optically thin thermal plasma, and is based on the X-ray continuum and line emission calculated by the CHIANTI atomic code (Dere et al. (1997) , Landi et al. (2006) ). The element abundances are based on the coronal abundances of Feldman & Laming (2000) . The thick target model was defined by the total integrated electron flux N nth , the power-law index of the electron energy distribution δ, and the low energy cut-off of the electron distribution E c . Figure 3 shows the fit of the spectrum, accumulated between 09:20:04 UT and 09:20:12 UT. In addition to the thermal component, there is an important power law shape for emission between 15 keV and 20 keV which can be recognized and fitted as thick-target emission of the non-thermal electrons.
We assumed the electron beam-driven evaporation model of the solar flare. Therefore, we used in hydrodynamic model of the analyzed flare the non-thermal electrons beams derived from RHESSI spectra as the heating source via the Coulomb collisions. Heating was modeled using the approximation given by Fisher (1989) . In this work we used 1D Naval Research Laboratory Solar Flux Tube Model code by Mariska and his co-workers (Mariska et al. (1982) , Mariska et al. (1989) ). This code was slightly modified by us. We included: new radiative loss and heating functions, the VAL-C model of the initial structure of the lower part of the loop, and double chromosphere are unchanged (radiation is suppressed, optically thick emission is not accounted for, and no account is taken of neutrals, the net conductivity flux is negligible).
We modeled the evolution of the analyzed flare as follows: an initial, quasi-stationary pre-flare models of the flaring loop was built using geometrical and thermodynamic parameters estimated from RHESSI and GOES data. These initial parameters of the flaring loop were as follows: semi-length 9500 km, radius 1900 km, pressure in feet 22 dyn/cm 2 . Small volumetric heating was used to keep this model in the quasi stationary state on the pre-flare level of activity before the start of the non-thermal heating. Then we started to model the heating of the loop by non-thermal electrons adding a dose of energy and calculating the resulting GOES flux. We used thick target parameters N nth , δ and E c obtained from fits of consecutive RHESSI spectra UT were manifested as local flux enhancements on both GOES light-curves. The maximum evaporation speed, achieved in a early phase of the simulation, was equal to 130 km/s. The maximum temperature, density, and pressure obtained at the loop apex during the modeled period were equal to 13.5 MK, 1.3 × 10 11 cm −3 , and 462 dyn/cm 2 , respectively.
-13 -
Conclusions
The start Our method of adjustment of the low energy cut-off E c in order to equalize synthesized and observed GOES fluxes in 1-8 Å channel can be considered as a new method of E c determination.
